Contamination of food by chemicals can result from their use on agricultural commodities; accidents or misuse during food handling and processing; nuclear weapon testing and operation of nuclear power plants; and disposal of industrial chemicals or by-products with subsequent dispersal into the environment. The Food and Drug Administration (FDA), as the Federal agency mainly responsible for evaluating the hazards of chemical contaminants and enforcing any established tolerance levels for them in foods, has been monitoring pesticides, industrial chemicals, metals, and radionuclides in foods in its nationwide programs for many years. In addition, FDA searches for potential contaminants among the approximately 50,000 industrial chemicals manufactured in the United States and coordinates its efforts with those of other Federal and state agencies in these investigations. The overall results of the FDA surveillance and compliance programs for chemical contaminants in foods, as well as specific examples illustrating the wide range of incidents and types of occurrences, are presented.
Introduction
Incidents that release chemicals into the environment often occur as a result of human activities. Such chemicals, which include pesticides, other industrial chemical contaminants, metals, and radionuclides, can also enter food by accident or misuse during food handling or processing. The Food and Drug Administration (FDA) programs for monitoring and controlling levels of contaminants in foods, the results the agency has obtained, and the steps being taken to improve these monitoring programs are presented.
The overall planning, coordinating, and evaluating required to make these programs productive is carried out at the Bureau of Foods. The samples are collected and analyzed in most cases, however, by 16 of the 21 The purpose of the monitoring activities can vary, depending on the nature of the contaminant involved and FDA's knowledge of the extent of its occurrence in the food supply. Consequently, some continuing field programs such as the Total Diet Studies, the Heavy Metals Program, and the Radionucides Program are primaily surveillance-oriented, whereas FDA field programs for pesticides and polychlorinated biphenyls (PCBs) in agricultural products and for pesticides, PCBs, and metals in fish are compliance-oriented. These latter programs are carried out primarily to determine whether the contaminants in question are present in excessive levels in foods and to remove the foods from the market if they contain violative levels. The programs dealing with special contaminants, however, are exploratory in nature and, depending on the particular situation, may involve either surveillance or compliance.
Pesticides
Residues of pesticides occur in foods or animal feed as a result of their use (either permitted or unauthorized) on the commodities concerned and through their entry into the general environment.
As the first step in the control of pesticide occurrence in foods, the Environmental Protection Agency (EPA) permits the commercial use of a pesticide only after the petitioner has submitted sufficient information to demonstrate that the pesticide can be used safely and efficaciously on the crops concerned. EPA issues regulations concerning labeling, use on specified crops, and levels or tolerances that will be allowed.
Surveillance for pesticides on various commodities is carried As might be expected, the occurrence of the organochlorine pesticides has decreased significantly, as a result of the complete or partial bans on their use on crops. This downtrend, however, is not so noticeable in fish, milk, and eggs because of the stability of these pesticides in the environment and their propensity to bioaccumulate in fatty tissues. The overall level and rate of occurrence of the organophosphorus pesticides has increased to some extent, but not so much as might be expected from their greatly increased usage. This difference reflects their relative instability in the environment. The rate of overtolerance findings for domestic commodities in these programs is about 3%; that for imports is slightly higher.
Since it is much more efficient to determine a group of chemicals in one analysis, rather than one at a time, FDA relies mainly on the use of multiresidue methods and can determine about 230 pesticides and their alteration products by these means. 144
In the past year or two, FDA has instituted several changes to make these field programs even more effective. Each pesticide is presently being evaluated to determine the relative hazard it may present as a food contaminant. Such factors as production volume, crop usage, environmental stability, and toxicity are used in this assessment. For those pesticides having higher hazard classifications, monitoring will be carried out on crops on which they are used. This evaluation will also be (5, 6) . The results showed that the contamination of food did not extend to other states to any significant degree.
Component of Chemical Processing Equipment
An example of the contamination of food by a component of chemical processing equipment was the extensive contamination of fish by the mercury used in the electrolytic cell for production of chlorine and sodium hydroxide (7). After it was discovered in 1969 that mercury entering the waterways could be converted to methylmercury by bacteria in sediments and could accumulate in fish (8), strict effluent guidelines for mercury were established. As a result, the amount of mercury introduced into water from those plants was reduced from about 1,200,000 lb to less than 20,000 lb per year by 1973. This in turn has led to a decrease in mercury levels June 1981 in estuarine and freshwater fish. At the same time, FDA has enforced its action level for mercury in fish.
Disposal of Unwanted By-Products
Contamination of the food supply by an unwanted by-product occurred several years ago when the still-bottoms from a perchloroethylene plant were routinely disposed of while hot (5) . This material contained various by-products including hexachlorobenzene (HCB), which subsequently escaped into the atmosphere and settled on crops and forage. Thousands of cattle feeding nearby became contaminated with HCB. Subsequently, the company effected better control of its effluents, and there have been no more known instances of HCB contamination of food animals near this plant. Another producer has installed well-designed incinerators to burn the tar; this method is probably the best way to dispose of such by-product materials.
The common presence of the DDT family and of PCBs in fish is a graphic illustration of the escape of these products into the aqueous environment at various steps of their processing, use, and disposal.
PCBs
For years FDA has been monitoring agricultural products and fish for PCBs in its field programs. The multiresidue analytical method employed for organochlorine pesticides also determines PCBs. Generally, PCBs have been found only in animalderived products-fish, milk, eggs, cheese-and also in animal feed components such as fish meal or other animal-derived products.
PCBs still continue to be found in animal feeds and their components, but to a lesser degree than in fish. The occurrence in feeds is generally not reflected in milk, eggs, cheese, or meat, where findings each year vary from zero to several percent of the samples examined. Minor (1) . Some of these tolerance levels were subsequently lowered in 1979, when new information indicated PCBs are more toxic and that they are more persistent in the environment than had previously been thought (10) .
Metals
FDA has accorded highest priority to mercury, lead, cadmium, arsenic, selenium, and zinc in its investigations of contamination of foods by toxic elements (11) . All of these elements occur in the earth's crust and, therefore, are present naturally in all. foods to some extent. In addition, they have a variety of uses. It is important that their disposal does not lead to a substantial increase in their levels in the aquatic environment or in the soil.
Because of their toxic behaviors and their levels in foods, FDA has concentrated most of its attention on mercury, lead, and cadmium and, since 1972, has devoted more of its resources to lead and cadmium than to the other metals.
Infants are particularly susceptible to the hazards of lead contamination (12) for a variety of reasons: (1) toxic effects occur at lower threshold levels in children; (2) they absorb a higher proportion of the lead ingested than do adults; (3) they ingest more food per pound of body weight; (4) their central nervous systems are more sensitive to lead than those of adults; and (5) infants and children frequently ingest high levels of lead from nonfood 146 sources such old paint, dirt, or house dust. For cadmium, damage to the kidneys in middle age after cumulative ingestion of low concentrations of this metal is the first effect to be noted from the low level intake of this metal (13) .
In the early 1970s, FDA carried out extensive surveys on individual foods and on composites in the Total Diet Studies to relate levels of lead and cadmium found in food to daily intakes. The average daily intakes can be calculated from the Total Diet Studies because both the level of lead and cadmium in each composite and the average amount of each composite consumed per day are known. The daily intakes can also be estimated if the levels of the metals in enough foods of dietary importance have been measured because the average amount consumed per day of each food item will be known. The intake estimated by the latter approach is always higher (and probably more accurate) than that calculated from the Total Diet Studies because food items which do not contain measurable amounts of a contaminant may have a diluting effect and prevent its detection in the same Total Diet Study composite.
For a teenage male, we have estimated the average lead intake derived from the individual foods to be about 220 ,ug/day, compared with the tolerable daily intake of about 430 ,ug/day (13), proposed by the Food and Agriculture Organization/World Health Organization (FAO/WHO). For cadmium, however, the estimated dietary intake of 57 ,ug/day (14) approximates the suggested FAO/WHO tolerable intake of 57-71 ,ug/day (13) .
One controllable source of lead in the food supply is the lead-containing solder in tin cans. In 1972, FDA encouraged the can-making and the canned food industries to reduce the lead levels in their products. Since then, FDA has followed their programs to decrease lead in foods, especially for infants (15) . From FDA and industry data, it was estimated that the daily dietary intake for lead in Environmental Health Perspectives 1974 was about 65-115 gig/day for infants in the 2-month to 2-year age group (16) . In comparison, it has been recommended that for infants under 6 months of age and for children in the 6-month to 2-year age group, total lead intake from all sources should not exceed 100 and 150 ,ug/day, respectively (17) .
The average lead levels in various infant foods are now only 10-20% of those originally found several years ago (Table 2) . Industry has achieved this significant improvement by a variety of means, including better control of raw products, technical improvements in can-making and canning, and changing from lead-soldered cans to other containers. Another factor contributing to this accomplishment was the fact that FDA informed industry of its concern, convinced them of the need to improve, and stayed in close touch with them while their programs were implemented.
In July, 1979, FDA published a Notice of Intent (15) in which the achievement of a 50% reduction in the amount of lead contributed to food by leadsoldered cans was stated as a goal to be attained within 5 years, and certain information and data were requested to guide subsequent Agency actions. The Notice of Intent stated that, after the receipt and evaluation of this information, action levels for lead in infant juices, glass-packed infant foods, infant formula, and evaporated milk would be set by FDA, followed by action levels for lead in "adult foods" eaten by the young.
With respect to cadmium, the data developed by FDA do not indicate that the handling, processing, and shipping of food cause a noticeable increase in cadmium content in foods (14) . FDA 
Radionuclides
The presence of radionuclides in foods may result from natural occurrence (such as potassium-40), atmospheric testing of nuclear weapons, operations of nuclear power plants, and accidents.
FDA's monitoring program for radionuclides consists of three main segments: radionuclides in imported foods, the Total Diet, and foods collected near nuclear plants (20) .
FDA has monitored imports of various foods for strontium-90, iodine-131, ruthenium-106, cesium-137, and potassium-40. The first four are representative of fallout products, and potassium-40 is a naturally occurring radionucide. Strontium-90 is the only man-made nuclide found regularly in all imported food types, but at levels too low to present a hazard to the consumer. Cesium-137 is found less regularly, and iodine-131 and ruthenium-106 have almost never been found in any samples analyzed by FDA. Only strontium-90 (and, of course, potassium-40) are detected with any consistency in the Total Diet samples. The average daily intake calculated from these findings is around 11 picocuries/day of strontium-90, well below any level of concern. No particular trend has been noted in the levels of strontium-90 intake in the Total Diet samples since this progam was instituted in 1973.
In the FDA studies of foods grown near nuclear plants, samples of milk, fish, vegetables, fruits, and grains harvested near eight nuclear plants are regularly examined. Four different plants per year are now substituted for a like number on the list. Originally, tritium was the only radionuclide measured, and an increase in tritium levels is an indication of reactor leakage. More recently, scanning for beta-and gamma-emitters was added to detect radioactive corrosion products and fallout products that would result from an incident or from faulty operations.
The levels of tritium found in the food samples have been extremely low-almost down to the limit of detection. No The criteria used by FDA since 1972 for selection of potential industrial chemical food contaminants are: production volume (the greater the amount of a product produced and used, the more likely it is to contaminate foods); toxic by-products; toxicity; environmental stability; solubility behavior or partition coefficient (a fat-soluble, water-insoluble material is more likely to concentrate in the fatty portion of fish, meat, milk, and eggs); end-use pattern (the less confined the uses of a product, the more likely it is to cause environmental and contamination problems); and means of disposal. These criteria are not listed in any order of priority and are similar to the factors now used by other workers in the environmental field including FDA's appraisal of pesticides as potential food contaminants. FDA assesses information from all sources-industry, government agencies, universities, and the literaturein making these selections. Among (24) .
Other Chlorinated Aromatics
Pentachloroaniline and pentachlorophenyl methyl sulfide are associated with the pesticide, pentachloronitrobenzene (PCNB). Pentachloroanisole is derived from the pesticide, pentachlorophenol, and is frequently found as a residue in fish in many areas.
Chlorinated Cycloaliphatics
The chlorinated norbornene derivatives are precursors of the pesticide endrin and have been found in Mississippi River fish below a manufacturing plant in Memphis, Tennessee, in levels up to about 16 ppm in the edible portion (25) . The chlorocyclopentenes were found in fish near a plant manufacturing hexachlorocyclopentadiene (HCP) near White Lake, Michigan, and are probably byproducts.
Chlorinated Aliphatics
The chlorinated butadienes are by-products of chlorinated hydrocarbon manufacture. FDA has found hexachlorobutadiene (HCBD) frequently as a contaminant of fish, but not to any extent in other foods (26) . The (27) and are believed to be ubiquitous contami-149 June 1981 nants, albeit at low levels (up to around 1 ppm in the edible portion).
Aromatic Amines
These chemical intermediates have been found in fish near dyestuff producers (28 FDA found isopropylphenyl diphenyl phosphate in fish furnished by the State of Pennsylvania. The samples were obtained in a creek near a steel plant known to discharge aryl phosphates (27) .
At With the passage of the Toxic Substances Control Act, the Resources Recovery and Conservation Act, and the Clean Water Amendments in recent years, more and better information about the chemicals produced, the composition of effluents and wastewaters, the levels of chemicals in drinking water, and the number and character of dump sites is now available. In spite of this progress, increased and unexpected demands on present resources will make cooperation among Federal and state agencies even more necessary than ever before.
